When cells of Escherichia coli B growing in a glucose-synthetic medium were treated with mitomycin C, the effects produced by the antibiotic varied, depending on the concentration. When the concentration was reduced to less than 0.1 ,ug/ml, the action of the antibiotic was bacteriostatic; cell elongation resulted, but no effect on the synthesis of cellular macromolecules was apparent. At higher levels (more than 5 ,ug/ml), mitomycin C was highly bactericidal and inhibited deoxyribonucleic acid synthesis almost completely. The exposure of growing cells to a bactericidal level of mitomycin C resulted also in a delayed inhibition of the synthesis of ribonucleic acid (RNA) and protein. The capacity of the treated cells to synthesize /3-galactosidase inducibly in a medium free from a carbon source remained constant for the first 30 min and then was destroyed progressively with time. Prolonged incubation with the bactericidal level of mitomycin C caused a degradation of cellular nucleic acids, particularly RNA. The degraded nucleic acid components were eventually released into the medium.
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It has been reported that the antibiotic mitomycin C (MC) has a specific effect on cellular deoxyribonucleic acid (DNA), but has little or no effect on either ribonucleic acid (RNA) or protein formation in Escherichia coli (19) . The primary action of MC is believed to be associated with either the inhibition of DNA biosynthesis (18) or the breakdown of the nuclear apparatus (16) . Szybalski and Iyer (23) suggested that cell death caused by MC is a result of cross-link formation in cellular DNA by a reduced form of the antibiotic More direct evidence for the alkylation of the nucleic acids with mitomycin was provided by Weissbach and Lisio (24) .
According to Weissbach and Lisio (24) , soluble RNA (s-RNA) and ribosomes are alkylated with mitomycins to the same extent as DNA. In fact, it has been observed by many workers that, although RNA is apparently less sensitive than DNA to MC, the synthesis of cellular RNA is also significantly inhibited by prolonged exposure to MC, or by treatment with higher levels of MC (18) .
Most studies of MC have been focused on its interaction with cellular DNA, and there are comparatively few reports on its effects on cellular 1 Present address: The Salk Institute for Biological Studies, San Diego, Calit.
RNA. Smith-Kielland (20) , using ultracentrifugal analysis, found that the sRNA fraction in the nucleotide pool of E. coli increases in cells treated with MC. Fenwick (7) found that the synthesis of ribosomal RNA was markedly inhibited in MCtreated as well as ultraviolet-treated mammalian cells. Kersten et al. (11) found a decrease in the amount of sRNA and an accumulation of small ribosomal particles in cell extracts of MC-treated E. coli. More substantial evidence for the decomposition of ribosomes has been obtained by sucrose density gradient analyses of cell extracts of MC-treated E. coli (21) .
In the present experiments, the effects of MC on macromolecular metabolism of E. coli were studied. Pronounced effects on cellular RNA as well as DNA were found. Nucleotides in the acid-soluble fractions were estimated by ultraviolet absorption at 260 m,u. DNA and RNA in the acid-insoluble fractions were estimated colorimetrically with diphenylamine (2) and with orcinol (1), respectively. Protein was determined with the residue suspended in 1 N NaOH by a modified Folin-Ciocalteau method (12) .
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ultraviolet-absorbing materials in the medium increased significantly. In the presence of 0.05 to 0.1 jug/ml of MC, growth ofthe cells, when measured by turbimetric procedures, was only slightly affected, but the cells became filamentous and the viability remained almost constant.
Similar results were obtained with other strains of E. coli (K-12, 15T-H-, and B3), though the sensitivity to MC varied slightly with each strain.
The effects of MC on the growth and macromolecular synthesis of E. coli B during the period of treatment are shown in Fig. 1 and 2 . MC at a level of 5 ,ug/ml was highly bactericidal, and the viability of the culture decreased exponentially with time. The increase in the turbidity also leveled off gradually after 30 min. At this time, filamentous cells appeared and predominated over the normal short rods. DNA formation was almost completely inhibited from the outset of the incubation, whereas RNA and protein, like the turbidity, increased normally for the first 30 min and then gradually leveled off. A slight decrease in RNA content was always observed after prolonged incubation. Ultraviolet-absorbing materials in the acid-soluble fraction decreased with time, whereas those in the medium increased slightly. This was probably due to partial lysis or damage to the cell wall of the treated cells, but gross lysis of the cells was unlikely, since the total cell counts remained constant during the treatment.
In the presence of 0.05 ,ug/ml of MC, the turbidity of the culture continued to increase, but at a slightly lower rate than that of the control. Also, filamentous forms became obvious after 90 min. The increase in viability was significantly suppressed, but death of the cells apparently did not occur. Thus, MC at 0.05 ,ug/ml was apparently bacteriostatic. The only distinct effects observed were filament formation and suppression of viability.
The bactericidal action of MC at 5 ,ug/ml was irreversible. Cells treated for 15 min could not resume their normal growth after the removal of the antibiotic, and the viability of the culture neither increased nor decreased further during postincubation in the absence of the antibiotic (Fig. 3) . After the 30-min pretreatment, the killing action of MC was still evident during the postincubation period.
The action of MC at 0.05 jg/ml was, however, partially reversed by the removal of the drug.
After the 15- When actively growing cells in a glucose DM medium were transferred to a DM medium containing lactose as a sole source of carbon, there was a lag of about 45 min, after which the cells began to grow exponentially at a rate slightly lower than that in glucose. In the presence of 0.05 ,ug/ml of MC, growth and macromolecular synthesis continued to increase at a slightly lower rate than in the control, but the viability of the culture remained constant throughout the 2-hr incubation and the cells became filamentous. These effects were the same as observed with cells treated in glucose. A marked difference was, howevery, observed when the concentration of MC was raised to 5 ,ug/ml. The formation of RNA as well as DNA was completely arrested from the beginning, and protein synthesis was also greatly suppressed. The amount of ,-galactosidase formed in the cells was very low compared with that in the control. The cells observed under the microscope appeared normal, and no long filaments were observed. The total cell counts re-678 mained constant, but the viability of the culture was lost rapidly. Thus, the bactericidal action of MC was not necessarily followed by filament formation. The amount of cellular RNA decreased slightly after prolonged exposure to MC, as it did in the culture treated in glucose medium. Quite similar results were obtained with cultures treated with 5 ,ug/ml of MC in a medium free from carbon source for 30 min when glucose was added to initiate growth.
Instability of macromolecules. When actively growing cells of E. coli B were grown in the presence of thymidine-2-C'4, the thymidine was incorporated progressively for the first 30 min. But after this period almost no incorporation occurred, probably because thymidine phosphorylase induced in the cells converted thymidine to thymine (15) . MC at 0.1 ,ug/ml had no effect on the incorporation of thymidine into the cells.
However, in the presence of 5 Ag/ml of MC, the amount of thymidine incorporated into the acidinsoluble fraction was low and it did not increase at all after 30 min of the treatment. When E. coli B, whose DNA was prelabeled by incubation with thymidine-2-C'4, were reincubated in the DM medium with 0.1 ,ug/ml of MC, the radioactivity in the acid-insoluble fraction remained constant, as in the control culture. However, in the presence of 5 ,ug/ml of MC, the radioactivity in the acid-insoluble fraction decreased to the extent of 60% of the initial amount. Within 2 hr, the radioactivity of the acid-soluble fraction also diminished progressively. Thus, cells treated with a bactericidal level of MC lost some of their DNA into the surrounding medium after prolonged incubation.
Effects of MC on the uptake of uracil-2-C14 by E. coli B are shown in Fig. 4a . The rate of the incorporation in the presence of 5 ,ug/ml of MC gradually leveled off from 30 to 60 min, and after 2 hr the amount of uracil-2-C14 in the acidinsoluble fraction decreased. The radioactivity incorporated into the acid-soluble fraction also decreased progressively.
The degradation of RNA in the presence of 5 ,g/ml of MC is shown in Fig. 4b . More than 50% of the radioactivity originally present in the acidinsoluble fraction was lost to the medium during the 2-hr exposure period. However, the radioactivity in the control cells remained almost constant throughout the 2-hr incubation period.
Protein metabolism was less sensitive to MC than was DNA or RNA. In the presence of 5 j,g/ ml of MC, incorporation of histidine-2-C"4 proceeded normally for 60 min and then leveled off.
These results correspond closely to those obtained by chemical analyses of cell components, and indicate that the synthesis of not only DNA but also RNA and even protein is inhibited by the bactericidal level of MC, and that nucleic acids (both DNA and RNA) become labile or are degraded during the treatment with the antibiotic. Effects on f/-galactosidase induction. Samples of a unit volume were removed periodically from an actively growing culture (in glucose) of E. coli B, and ,B-galactosidase was induced as described in Materials and Methods. The capacity of the culture to synthesize ,-galactosidase was found to increase proportionally to the increase in the turbidity of the culture during the 2-hr incubation period; in other words, the differential rate of enzyme synthesis remained constant for this period (Fig. 5). (The "capacity" to synthesize f3-galactosidase was defined as the amount of the enzyme formed per unit volume of noninduced This loss of the capacity of the MC-treated cells to form ,3-galactosidase was apparently not a consequence of the inhibition of DNA synthesis, since cells subjected to thymineless death still retained the capacity to synthesize ,B-galactosidase (13.) As show in Fig. 6 , when f-galactosidase was induced in cultures of thymine-starved E. coli 15T-H-in DM medium free from a carbon source, the culture without MC synthesized figalactosidase continuously, whereas the one with 5 ,ug/ml of MC could not form the enzyme at all. Under these conditions, no net synthesis of DNA took place in either culture. (14, 15) , MC acts primarily by degrading RNA, probably sRNA, whose degradation will in turn result in the activation of deoxyribonucleases, followed by the breakdown of DNA. It is now difficult to determine whether the degradation of RNA or of DNA is caused first by MC. The degradation of both components becomes apparent only after a certain lapse of the treatment, and the possibility cannot be excluded that nucleic acid molecules become labile after being extensively alkylated with mitomycin C, rather than by enzymatic attack.
Concomitantly with the degradation of nucleic acids, the capacity of the treated cells to synthesize 3-galactosidase diminishes progressively, reflecting impairment in protein synthesis. Shiba et al. (19) concluded from their 0-uptake studies that MC had no effect on 3-galactosidase synthesis. On the other hand, the rate of,-galactosidase formation by cells pretreated with MC was reported to decrease with increased duration of the treatment (3) . According to Cummings (5) 
